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Claims 

1- A speed sensing system for measuring the speed of a 
target object, comprising: 

a first speed sensor unit operatlvefy disposed adjacent a surface 
B of said target object, said first speed sensor unit configured to generate 
a first signal responsive to the passage of at least one random feature of 
said target object; 

a second speed sensor unit operatlvely disposed adjacent a 
surfece of said target object and displaced at a predetermined distance 
10 from said first speed sensor unit substantially in a direction of motion of 
the target object, said second speed sensor unit configured to generate 
a second signal responsive to the passage of said at least one random 
feature of said target object; and 

a signal processor configured to receive said first and second 
15 signals, said signal processor further configured to apply a cross 
correlation analysis with a Fast Fourier Tnsuisform-fcased algorithm to 
determine a phase shift between said first and second generated 
signals, said phase shift Inversely proportional to a speed of said target 
object 

20 2. The speed sensing system of Claim 1 further including: 

a third speed sensor unit operabvely disposed adjacent a surface 
of said target object said third speed sensor unit configured to generate 
a third signal responsive to the passage of at least one feature of said 
target object; 

26 a fourth speed sensor unit operatively disposed adjacent a 

surface of said target object and displaced at a predetermined distance 
from said third speed sensor unit substantially in a direction of motion of 
the target object, said fourth speed sensor unit configured to generate a 
fourth signal responsive to the passage of said at least one feature of 

30. said target object; and 

wherein said signal processor is further configured to receive said 
third and fourth signals, and to utilize said third and fourth signals to 
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cancel signal components common to said first, second, third, and 
fourth signals. 

3. The speed sensing system of Claim 2 wherein said signal 
processor is further configured to provide dlflerential signals between 

5 the first and third signals, and t>etwe8n the second and fourth senate, 
and said ^nal processor is further configured to determine a phase 
shift beAween said third and fourtii generated signals, said phase shift 
inversely proporbonal to a speed of said target object. 

4. The speed sensing system of Claim 2 wiierein said firet 
10 and third speed sensing units define a first differential sensing pair; 

\«hereln said second and fourth speed sensing units define a 
second differential sensing pain and 

>A/herein said first and second differential sensing pairs are 
spaced apart by a predetermined distance parallel to said direction of 
15 motion of the target object 

s. The speed sensing system of Claim 1 wherein said first 
and second speed sensing units are eddy current sensors; and 

wherein said at least one feature is a random subsurfece tar^ 
future. 

20 9. The speed sensing system of Claim 1 wherein said first 

and second speed sensing units are optical sensors. 

7. The speed sensing system of Claim 1 wheraln said signal 
processor is configured to filter direct-cun-ent components from said first 
and second generated signals such that said generated signals have a 

25 zero signal mean. 

8. The speed sensing sysXem of Qalm 1 wherein said signal 
processor is configured utilize a Fast Fourier Transform-based algorithm 
to detemnine a cross con-elation function between said generated 
signate, said cross conreiation function defined by: 

where Xi is said first generated signal; 
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X2 Is said second generated signal; 
f IS a signal time; and 

T is a time delay between said generated signals. 

9- The speed sensing system of Ciaim 8 wherein said phase 
5 shift is associated with a maximum vaiue for said cross ooneiation 

function: and wherein said signal processor is lurUier configured to 
detennine a maximum vaiue for said cross conrelatlon function; 
wherein a speed v of said target object is determined from: 

L 

v~ — 

10 where L is said predetermined distance; and 

TO is a time defay con-esponding to said determined maximum 
value for said cross correlation function. 

10- The speed sensing system of Claim 1 wherefn said first 
speed sensor unit and said second speed sensor unit ar^ disposed 

15 within a common housing. 

11. The speed sensing system of Claim 1 wherein said at least 
one target fisature Is a random surface feature of the target object 

12. The speed sensing system of Claim 1 wherein said at least 
one target feature is a random subsurtace feature of the target object. 

20 13. The speed sensing system of Claim 1 where each of said 

first and second speed sensing units has an identical sampling rate; and 
wherein said Identical sampling rate is substantially greater than a 
signal variation rate for said first and second speed sensing units. 

14. A metiiod for speed measurement of a target object. 
25 comprising the steps of: 

obsen4ng at a first point, a passage of at least one random 
feature of the target object; 

generating a first signal responsive to said passage of said at 
least one random feature at said first point; 
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obsenrtng at a second point, displaced at a predetermined 
distance from said first point in a direction of motion of said target 
object, said passage of said at least one random feature of the target 
object; 

6 generating a second signal responsive to said passage of said at 

least one random feature at said second point; 

filtering direct-current components from said first and second 
generates signals; 

applying a cross correlation analysis with a Fast Fourier 
10 Transfonfn-based afgorfthm to calculate a phase shift between said 
filtered first signal and ^Id filtered second signal, said phase shift 
inversely proportional to a speed of said target object. 

16. The method of Claim 14 for speed measurement of an 
object wherein said phase shift is associated with a maximum value of a 
15 cross correlation funcHon between said filtered first and second 
generated signals, and wherein said step of applying further Includes 
calculating said maximum value of said cross con-elation function 
between said filtered first and second generated signals, said cross 
oonrelation function defined by: 

20 J w = j^i + f )• ^2 (^y^ 

where Xi is said first generated signal; 

xg Is said second generated signal; 
t Is a signal time; and 

T Is a time delay between said generated signals. 
25 16- The method of Claim 15 for speed measurement of an 

object, further Induding the step of determining a speed v of said target 
object from: 

where L Is said predetermined distance; 
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and to fs a time delay corresponding to said detennlned maximum 
value for said cross conflation tunction. 

17, The method of Claim 14 for speed measurement of an 
object further including the steps of : 

5 observing at a third point, a passage of an additional feature of 

the target object; 

generating at least one additional signal responsive to said 
passage of said additional feature at said third point: 

utilizing said at least one additional signal to cancel common 
10 elements present in each of said first and second generated signals. 

18. A method of Claim 14 for speed measurement of a target 
object further including the step of: 

detenmining a relative position of the target object from said 
calculated phase shHIi 
15 Ifl. The method of Claim 1 8 for detemnining a relative position 

of a target object wherein said determining step includes the step of 
integrating a calculated speed of said the target object with respect to 
time. 
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